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ABSTRACT 

Dynamics problems l i k e l y  t o  be encountered i n  o r b i t a l  s t r u c t u r e s  
and some poss ib l e  inves t iga t ions  t o  s tudy  these  problems a r e  ou t l ined .  
The items proposed a r e  dynamic measurements a t  each s t e p  i n  space sta- 
t i o n  development, i nc lus ion  of f a i l u r e  a n a l y s i s  c a p a b i l i t y  w i t h  space 
rescue  mission,  and a n  o r b i t i n g  s t r u c t u r e s  l abora to ry .  Role of manned 
p a r t i c i p a t i o n  is emphas ized . 

A more d e t a i l e d  o u t l i n e  of one poss ib l e  v i b r a t i o n  t e s t  experiment 
is included as a n  appendix. The prime o b j e c t i v e  of t h i s  experiment t o  I 

eva lua te  t e s t  equipment and procedures i n  o r b i t .  
I 
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TECHNICAL MEMORANDUM X-53545 

PROPOSED MANNED DYNAMIC TESTING OF SPACE STRUCTURES 

SUMMARY 

Dynamics problems l i k e l y  t o  be encountered i n  o r b i t a l  s t r u c t u r e s  
and some poss ib l e  inves t iga t ions  t o  s tudy  these  problems a r e  ou t l ined .  
The items proposed a r e  dynamic measurements a t  each s t e p  i n  space sta- 
t i o n  development, i nc lus ion  of f a i l u r e  ana lys i s  c a p a b i l i t y  wi th  space 
rescue  mission,  and an o r b i t i n g  s t r u c t u r e s  labora tory .  Role of manned 
p a r t i c i p a t i o n  i s  emphasized. 

A more d e t a i l e d  o u t l i n e  of one poss ib l e  v i b r a t i o n  t e s t  experiment 
is included as an  appendix. The prime ob jec t ive  of t h i s  experiment is 
to  eva lua te  t e s t  equipment and procedures i n  o r b i t .  

I. INTRODUCTION 

As  s t r u c t u r e s  a r e  designed f o r  l i g h t e r  weights,  dynamic loads and 
d e f l e c t i o n s  become more and more important cons idera t ions .  The u l t ima te  
i n  l igh tweight  s t r u c t u r e  would have t h i n  s e c t i o n s ,  l a r g e  spans,  and 
would be deployed o r  perhaps even manufactured i n  space.  Most s t r u c t u r e s  
r e q u i r e  cont ro l led  o r i e n t a t i o n ,  thus introducing the  problem of coupled 
s t r u c t u r a l  control-sys  tem dynamics. Since these  s t r u c t u r e s  would not  be 
capable  of r e s i s t i n g  g r a v i t y  and a i r  loads ,  they could no t  be evaluated 
on the  e a r t h .  Also, any change i n  ma te r i a l  p rope r t i e s  due t o  the  space 
environment mus t  be evaluated. Test ing during each s t e p  of the  space 
f l i g h t  program i s  proposed. This t e s t i n g  philosophy al lows data from 
each spacec ra f t  t o  be used f o r  design v e r i f i c a t i o n  f o r  succeeding space- 
c r a f t .  Maximum use would be made of on-board equipment and crew capabi l -  
i t y  t o  provide v e r s a t i l i t y  wi th  a minimum of payload weight. 

I1 . SITUATIONS 

Three b a s i c  s i t u a t i o n s  e x i s t  where t e s t i n g  is t o  be done: 

(1) Test ing of e a r l y  manned space s t a t i o n s .  

(2) Inves t iga t ing  dynamic problems of manned and unmanned 
space s t a t i o n s  and space rescue.  



(3) A S t ruc tu res  and m a t e r i a l s  o r b i t a l  l abo ra to ry  where manu- 
f a c t u r i n g ,  f a b r i c a t i o n ,  and dynamics i n v e s t i g a t i o n s  would 
be conducted. 

The f i r s t  of t hese  would be i n t e g r a t e d  i n t o  e x i s t i n g  planned Apollo 
and U P  f l i g h t s .  The second is  seen as a n  a d d i t i o n a l  requirement f o r  a 
c a p a b i l i t y  i n  the same time per iod.  The t h i r d  would be planned f o r  a 
l a t e r  da t e .  

111. TESTING I N  EARLY MANNED SPACECRAFT AND SPACE STATIONS 

Object ives  f o r  e a r l y  f l i g h t s  would be t o  determine dynamic proper- 
t i e s  of "heavy" s t r u c t u r e s  i n  space environment, t o  eva lua te  materials, 
and t o  develop t e s t  equipment and procedures.  Later f l i g h t s  would 
i n v e s t i g a t e  dynamics of " l i gh t "  s t r u c t u r e s .  Of the  twenty f l i g h t s  now 
planned f o r  AAP, eleven c a l l  f o r  " o r b i t a l  assembly of l a r g e  s t r u c t u r e s "  
and t h i r t e e n  c a l l  f o r  "observa tor ies  and space sc i ence  l a b o r a t o r i e s  .I1 
These should provide a l a r g e  v a r i e t y  of conf igura t ions  and dynamic prob- 
l e m  f o r  i nves t iga t ion .  Unmanned s p a c e c r a f t  might be placed i n  matching 
o r b i t s  wi th  instrumented manned s p a c e c r a f t  s o  t h a t  deployment and opera- 
t i o n a l  dynamics can be monitored and measured. A "cons t ruc t ion  zone" 
might be  e s t ab l i shed  i n  space.  Equipment from experiments would be 
s t o r e d  i n  o r b i t  f o r  poss ib l e  use i n  l a t e r  experiments.  Tes t ing  of s c a l e  
models, t y p i c a l  segments of l a r g e  s t r u c t u r e s ,  and deployment mechanisms 
t o  accu ra t e ly  determine ope ra t iona l  fo rces  and motions should do much t o  
improve present  devices .  Deployment mechanism a r e  a t  p re sen t  probably 
the  most u n r e l i a b l e  of a l l  spacec ra f t  components. An i n t e r p l a n e t a r y  
s p a c e c r a f t ,  assembled i n  o r b i t ,  could poss ib ly  be developed w i t h i n  the  
next  few years .  Dynamic t e s t i n g  may be very  use fu l  f o r  v e r i f y i n g  s t r u c -  
t u r a l  i n t e g r i t y ,  checking con t ro l  sys  tem performance, and providing a 
q u a l i f i c a t i o n  t e s t .  An example of the  s p a c e c r a f t  a v a i l a b l e  f o r  exper i -  
mentat ion is  the  proposed a r t i f i c i a l  g r a v i t y  s a t e l l i t e  shown i n  f i g u r e  1. 

Surmnary - Ear ly  Manned S t a t i o n  Tes t ing  

a. Object ives  

(1) To determine dynamic p r o p e r t i e s  of an  o r b i t i n g  manned 
s p a c e c r a f t .  

( 2 )  To determine dynamic p r o p e r t i e s  of a spinning s p a c e c r a f t .  

(3 )  To develop and eva lua te  v i b r a t i o n  t e s t  equipment and 
procedures fo r  use i n  space. 

2 



(4) Evaluate space rescue techniques and equipment. 

(5) Measure dynamic proper t ies  of deployed spacec ra f t  
dur ing  deployment and opera t ion ,  

(6) To eva lua te  a t t i t u d e  con t ro l  system e f fec t iveness  and 
parameter changes. 

(7) To provide a capab i l i t y  t o  measure and eva lua te  dynamics 
problems due t o  equipment f a i l u r e  o r  those encountered during opera t ion .  

(8) To measure changes i n  the  e l a s t i c  p rope r t i e s  of materials 
due t o  space environment. 

(9) To measure the  dynamic p rope r t i e s  of i n t e r p l a n e t a r y  
c r a f t  assembled i n  o r b i t .  

b. Object ives  

(1) S-IVB - Apollo Vehicle: Mult iplex,  ana log - to -d ig i t a l ,  
d i g i t a l  computer, te lemeter ing equipment, con t ro l  t h r u s t e r s  and power 
sources  would be usefu l .  The p r inc ipa l  modi f ica t ion  is the  provis ion  
f o r  connections and poss ib ly  a l t e r n a t e  modes of operat ion.  

(2) Sensors: Accelerometers and gyros.  Methods of a t t a c h -  
ment need inves t iga t ion .  
P resen t  models should be adapted to  withstand space environment. This 
equipment could a l s o  be use fu l  for  f l a t n e s s  measurements. 

Non-contact sensors  would be very  usefu l .  

(3) Shakers: Electrodynamic o r  e lectromechanical  shakers  * 

could be adapted to  environment f o r  small forces .  Rocket t h r u s t e r s  
might be usefu l  f o r  l a rge  fo rces ,  
E l e c t r o s t a t i c  e x c i t a t i o n  should be evaluated f o r  e x c i t i n g  l a r g e  t h i n  
members. 

Attachment could be a problem. 

(4) Display instruments and con t ro l  console. 

(5) Cabling and connecting equipment. 

(6) Test  specimens. 

c. Duties of Crew 

(1) Deploy payload or t e s t  specimen. 

(2) Place instrumentat ion.  

(3)  Connect t e s t  equipment t o  spacec ra f t .  
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( 4 )  Check ou t  equipment. 

(5) Monitor t e s t .  

(6) Replace or  r e p a i r  equipment. 

(7) S e t  up a l t e r n a t e  conf igura t ions .  

(8) Conduct s imulated rescue  opera t ions .  

The manned o r b i t a l  v i b r a t i o n  measurement experiment l i s t e d  i n  
Appendix A is an  example of the type of work t o  be done. 
ment would achieve ob jec t ives  1 and 3 and poss ib ly  s e v e r a l  of the  
o the r  ob jec t ives  depending on opt ions chosen. 

This exper i -  

IV. INVESTIGATION AND SPACE RESCUE 

A t  some time, a space rescue c a p a b i l i t y  w i l l  be e s t ab l i shed .  
Besides the  moral,  psychological ,  and propaganda (such as rescue  of 
cosmonauts) values of t h i s  mission,  much use fu l  engineer ing and sc i en -  
t i f i c  information could be r e t r i e v e d  from the  f a i l e d  veh ic l e .  The 
equipment developed f o r  t h i s  mission could a l t e r n a t e l y  be used f o r  
i nves t iga t ion  of f a i l u r e s  of unmanned v e h i c l e s  when economically 
f e a s i b l e  and when no o t h e r  methods e x i s t .  Analysis  of f a i l u r e  i s  
o f t e n  the  m o s t  d i r e c t  means of engineer ing improvement. Since a 
l a r g e  number of t he  poss ib l e  f a i l u r e  modes involve dynamics, much of 
the  equipment discussed previous ly  should be very  use fu l  during i n v e s t i -  
ga t ions .  A proven device which can a t t a c h  t o  and s t o p  the tumbling of 
a n  a r b i t r a r i l y  shaped s p a c e c r a f t  is the  p r i n c i p a l  i tem which needs t o  
be developed. 
ment i n t o  matching o r b i t .  

The rescue c r a f t  m u s t  be l a r g e  enough t o  c a r r y  a l l  equip- 

A typ ica l  combination of a c t i v i t i e s  during a mission is shown i n  
f i g u r e  2. 

Summary - Space Rescue and Inves t iga t ions  

a. Objectives 

(1) Capabi l i ty  of r e t r i e v i n g  personnel  from o r b i t i n g  
s p a c e c r a f t .  

(2)  Capabi l i ty  of i n v e s t i g a t i n g  f a i l u r e s  of spacec ra f t .  
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b. Equipment 

(1) Reentry s p a c e c r a f t  w i t h  pos i t i ons  f o r  e x t r a  personnel.  

(2) Maneuvering spacec ra f t  capable of matching o r b i t s  while  
car ry ing  a l l  o the r  equipment. 

(3)  Proven device f o r  s topping tumbling of a n  a r b i t r a r i l y  
shaped spacec ra f t .  

( 4 )  Test Equipment: Typical composition might inc lude  
c u t t i n g  and disassembly t o o l s ,  X-ray and o p t i c a l  cameras, v i b r a t i o n  
pickup, s t r a i n  gauges and osc i l loscope .  

(5) Addi t iona l  propel lan ts  , b a t t e r i e s ,  or  o t h e r  supp l i e s  
which may be needed f o r  opera t iona l  t e s t s  w i th  o b j e c t  spacec ra f t .  

( 6 )  Repair equipment fo r  s t r u c t u r e ,  h e a t  s h i e l d ,  l i n e s ,  e tc .  

(7) Spare parts.  

c. Duties  of Crew 

(1) Match o r b i t  w i t h  ob jec t ive  spacec ra f t .  

(2) Stop spinning o r  tumbling of o b j e c t  s p a c e c r a f t  where 
des  i r ed .  

(3) Remove personnel to rescue s p a c e c r a f t  as requi red .  

( 4 )  Perform des i r ed  opera t iona l  tests on o b j e c t  spacec ra f t .  

(5) Measure and photograph damaged areas. 

( 6 )  Remove damaged o r  f a i l e d  p a r t s  f o r  engineer ing and 
s c i e n t i f i c  a n a l y s i s  on ea r th .  

(7)  Make r e p a i r s ,  

S t ruc tu res  and Mate r i a l s  Orbi t ing Laboratory 

A complete s t r u c t u r e s  and mater ia l s  l abo ra to ry  and f a b r i c a t i o n  
f a c i l i t y  wi th  s p e c i a l l y  designed equipment would be placed i n  o r b i t .  
The fol lowing a reas  would be inves t iga t ed .  

(1) Dynamics of l igh tweight  s t r u c t u r e s .  

(2)  Dynamics of l a r g e  spinning s t r u c t u r e s .  
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(3 )  Effec t s  of environment on s t r u c t u r a l  p r o p e r t i e s .  

( 4 )  Effec t s  of environment on m a t e r i a l  p r o p e r t i e s .  

(5) Fabr i ca t ion  of t h in - f i lm  s t r u c t u r e s  and s t r u c t u r a l  models. 

(6) Manufacture of l a r g e  th in - f i lm  s u r f a c e s .  

(7) Tes t  methods research .  

(8) Control methods and con t ro l  dynamics, 

(9) Construct ion and deployment dynamics, 

A survey of the equipment needed f o r  such a l abora to ry  should be 
made s o  that development can be s t a r t e d .  A t y p i c a l  s i m p l e  experiment 
is  demonstrated i n  f i g u r e  3 .  

a.  Objective: To conduct i nves t iga t ions  i n  the  f i e l d s  of 
m a t e r i a l s  , s t r u c t u r e s  , manufacturing methods and dynamics. 

b. Equipment: A s p e c i a l l y  designed l abora to ry  space s t a t i o n .  

c. Duties of Crew: S t a t i o n  would be manned by engineers  and 
s p e c i a l i s t s  i n  their f i e l d s .  

V. CONCLUSIONS 

Man is an i n t e g r a l  p a r t  of each t e s t i n g  s i t u a t i o n .  Where man is  
a l r eady  present ,  i nves t iga t ions  can be conducted wi thout  l a r g e  amounts 
of spec ia l i zed  e x t r a  equipment. The v e r s a t i l i t y ,  a d a p t a b i l i t y ,  and 
judgment of the  nun cannot be dup l i ca t ed ,  

The inves t iga t ion  and space  rescue mission p r a c t i c a l l y  r equ i r e s  
manned p a r t i c i p a t i o n .  Development of an  unmanned v e h i c l e  which could 
meet a l l  of the  poss ib l e  requirements is probably impossible ,  and 
development of a s p e c i a l  v e h i c l e  f o r  each mission would n o t  be p r a c t i c a l  
because of t i m e  cons idera t ions .  A manned v e h i c l e  seems t o  be the only 
s o l u t i o n .  Also, t he  i n v e s t i g a t i n g  (rescue)  crew could poss ib ly  make 
co r rec t ions  o r  r e p a i r s .  N o  unmanned a l t e r n a t i v e  e x i s t s  f o r  the o r b i t i n g  
s t r u c t u r e s  and ma te r i a l s  labora tory .  
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FIGURE 1. PROPOSED ARTIFICIAL GRAVITY SPACECRAFT 
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FIGURE 2. SPACE RESCUE FAILURE ANALYSIS ACTIVITIES 
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FIGURE 3 .  DETERMINING THE DYNAMIC PROPERTIES OF A TEST STRUCTURE 
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APPENDIX A 

Orb i t a l  Vibra t ion  Measurement Experiment 

Dynamics and con t ro l  problems w i l l  probably e x i s t  f o r  the  l i g h t -  
weight s t r u c t u r e s  now being planned f o r  o r b i t a l  use. 
d a t a  a r e  needed t o  v e r i f y  v i b r a t i o n  a n a l y s i s  where parameters are 
v a s t l y  d i f f e r e n t  from those of p re sen t  s t r u c t u r e s .  
a i r  loads prevent ground t e s t i n g  of many of t he  conf igura t ions .  
only a l t e r n a t i v e  is  t e s t i n g  i n  o r b i t .  

Experimental 

Grav i t a t iona l  and 
The 

An S-IVB Apollo s p a c e c r a f t  would be v i b r a t i o n - t e s t e d  using a n  
i n t e r n a l l y  mounted electrodynamic o r  e lectromechanical  shaker .  Approxi- 
mately s i x  accelerometers  would be mounted i n t e r n a l l y  on the  spacec ra f t .  
These would provide frequency, mode shape, and<damping d a t a  f o r  the  
s p a c e c r a f t  and a s tandard  f o r  e x t e r n a l  measurements. Accelerometers 
would be a t tached  t o  unprepared su r faces  on the e x t e r i o r  of the  v e h i c l e  
using the  most promising method(s) developed during ground tes ts  i n  
s imulated space environment. The non-contact v i b r a t i o n  sensor  would 
be posi t ioned and con t ro l l ed  by a n  a s t r o n a u t  during the  tes t .  

Addit ional  measurements of environmental v i b r a t i o n  l e v e l s  could be 
made i f  des i red .  The non-contact sensor  would a l s o  be used t o  measure 
deployment and opera t ing  v i b r a t i o n s  of any payload s t r u c t u r e s .  

A. Purpose and Object ive 

1. To eva lua te  equipment performance and v i b r a t i o n  tes t  
procedures i n  the o r b i t a l  space environment. 

2. To measure the  v i b r a t i o n  c h a r a c t e r i s t i c s  of 
i n  o r b i t .  

B. S t a t e  of Present  Development 

A l l  equipment being used f o r  ground tests would 
adapted t o  space environment. 

C. Parameters t o  be Measured 

Frequency, ampli tude,  and phase of s t r u c t u r a l  v 
Comparison of da t a  provided by var ious  sensors .  
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D. Analysis of Performance of Experiment 

The f i r s t  i tem would be t o  e s t a b l i s h  the p r a c t i c a b i l i t y  of 
a t t a c h i n g  sensors  t o  an  unprepared sur face .  Methods used would be 
t h e  ones found most promising during labora tory  tests. Resul ts  would 
be i n  form of the a s t r o n a u t ' s  recorded voice  comments, t i m e  records ,  
and q u a l i t y  of recorded data. Photographs could be used t o  eva lua te  
accuracy of placement a t  premarked and unmarked l o c a t i o n s ,  

The non-contact sensor  would be hand-held o r  unres t ra ined  dur- 
ing t e s t i n g .  One a s t r o n a u t  would be requi red  f o r  i t s  operat ion.  Value 
of a pass ive  gyro s t a b i l i t y  package mounted wi th  the sensor  should be  
evaluated.  A second a s t r o n a u t  would opera te  the con t ro l  console,  vary-  
ing frequencies  and fo rce  a m p l i t u d e s  and observing displacement a m p l i -  
tudes.  

A l l  measurements should be sampled, d i g i t i z e d ,  and te lemetered 
to  e a r t h  on a real-time b a s i s  where poss ib le .  
channels of analog data should a l s o  be te lemetered,  probably the  ones 
which are s e l e c t e d  f o r  console d isp lay .  In  any case,  the  d i g i t a l  d a t a  
should be s t o r e d  on tape.  

I f  poss ib l e ,  two s e l e c t e d  

Environmental and opera t iona l  v i b r a t i o n  c h a r a c t e r i s  t i cs  could 
be measured a t  any time i f  des i red .  Use of the non-contact d i sp l ace -  
ment measuring equipment moving i n  f r e e  t r a n s l a t i o n  t o  measure s u r f a c e  
f l a t n e s s  should a l s o  be inves t iga ted .  

E. Methods of Analyzing and I n t e r p r e t i n g  Data 

Data would be analyzed by conventional methods now i n  use. 

F. Descr ip t ion  of Experiment 

A v i b r a t i o n  a n a l y s i s  would be made on a manned s p a c e c r a f t  i n  
o r b i t  t o  determine the  e f f e c t  o f  t he  space environment on s t r u c t u r a l  
and ma te r i a l  p rope r t i e s ,  e s p e c i a l l y  damping. Two d i f f e r e n t  methods of 
measuring v i b r a t i o n s  from a poin t  o u t s i d e  the  body would be evaluated.  
One would r e q u i r e  a t t a c h i n g  a sensor  t o  the  body; the  o t h e r  would n o t  
r e q u i r e  contac t .  

G. Astronaut  Time1 ine Analysis 

Opera t i o n  M e n  Time (h r )  

At tach  sensors  1 1 
Deploy non-contact sensor  1 1 
Connect, warm-up and checkout console 1 1 / 2  
Conduct t e s t  2 2 
S to re  equipment 2 11 2 



. 

H. P r e f l i g h t  and Recovery F a c i l i t i e s  Required and Data 
Handlinp Procedures 

No s p e c i a l  p r e f l i g h t  is needed. Up t o  th ree  channels of 
te lemeter  da ta  f o r  some p a r t s  of the experiment would be d e s i r a b l e .  
Storage of  data on magnetic tape t o  be re turned  wi th  crew is requi red .  

I. Eguipment Descr ip t ion  

(1) I n t e r n a l l y  mounted accelerometer  system. 

(2) Accelerometer f o r  e x t e r n a l  mounting wi th  i n s t a l l a t i o n  
materials. 

(3)  Non-contact v i b r a t i o n  sensor  system. 

( 4 )  Electrodynamic shaker (100 l b  v e c t o r ) .  

( 5 )  Tes t  con t ro l  console.  

J. Spacecraf t  Modif icat ion 

(1) Mounting of i n t e r n a l  accelerometer  sys  tem.  

, 

(2) Shaker mount. 

(3) Equipment s torage.  

( 4 )  E l e c t r i c a l  connections and w i r i n g .  

( 5 )  Weight and Volume. 

- I t e m  Weight ( lb)  Volume (ft3) 

I n t e r n a l  accelerometer  sys  t e m  10 .15 
Externa l  accelerometer  5 .15 
Non-contact sensor  sys t e m  

amp1 i f  i e r  20 .5 
antenna 10 1.0 

Shaker 100 1.0 
.5 Console 

TOTAL 165 3 . 3  
- 20 - 

1 2  



A 
M. Envelope 

None of the  items l i s t e d  has an  i r r e g u l a r  shape. The con t ro l  
console must, of course,  be mounted i n  an  a c c e s s i b l e  l o c a t i o n  during 
opera t ion .  

N. 

0. 

P. 

Power Req u ir emen t s 

500 wat t s  - 20 minutes. 

200 w a t t s  - 40 minutes. 

Thermal Cons t ra in ts  

Most of power d i s s i p a t i o n  would be i n s i d e  the  spacec ra f t .  

Other Environmental Cons t ra in ts  

Electromagnetic r a d i a t i o n  from shaker  would need t o  be reduced 
t o  compatible l e v e l s  consider ing o the r  spacec ra f t  equipment. A l l  
deployed equipment would be adapted t o  space environment. 

Q. Telemetry 

Not abso lu t e ly  e s s e n t i a l .  Experiment can be adapted t o  
whatever is ava i l ab le .  

R. Development Program 

A l l  equipment would need t o  be redesigned t o  adapt  t o  environ- 
ment and reduce weight. 
compa t ib i l i t y  f o r  deployed i tems, and a t t ach ing  methods f o r  ex te rna l  
accelerometers  . 

Primary problems a r e  h e a t  d i s s i p a t i o n ,  material 

S. Cost can vary considerably,  depending mostly on the  e f f o r t  
made t o  reduce weight,  

Item - 
Non-contact sensor  

Shaker 

Externa l  accelerometer  mounting 

Cons o l e  

Other equipment 

System s tud ie s  

TOTAL 

Deployment Cost 

$20,000. 

25,000. 

15,000. 

10,000. 

2,000. 

20,000. 

$92,000. 
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